Analysis of the role of rab11-FIP3 phosphorylation during cytokinesis by Collins, Louise L.
 
 
 
 
 
Collins, Louise L. (2010) Analysis of the role of rab11-FIP3 
phosphorylation during cytokinesis. PhD thesis. 
 
http://theses.gla.ac.uk/1682/
 
 
 
Copyright and moral rights for this thesis are retained by the author 
 
A copy can be downloaded for personal non-commercial research or 
study, without prior permission or charge 
 
This thesis cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the Author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the Author 
 
When referring to this work, full bibliographic details including the 
author, title, awarding institution and date of the thesis must be given. 
 
Glasgow Theses Service 
http://theses.gla.ac.uk/ 
theses@gla.ac.uk  
 
 
Analysis of the Role of  
Rab11-FIP3 Phosphorylation 
During Cytokinesis 
 
 
 
 
 
 
                          
                                        
 
 
 
 
 
                  
                     
 
 
 
 
   
LOUISE LARMOUR COLLINS 
 
 
                                           
                                        
                      
           2 
Abstract 
                                                                                 
                                                                              
                                                                                 
                                                                                  
                                                                                
                                                                              
                                                                             
                                                                                 
                                                                                 
                                                                              
                                                                             
                                                                                 
                                                                                
       
In vitro                                                                       
                                                                             
                                                                         
                                                                                    
                                                                                
                                                                        
                                                                               
                                                                                  
                                                                           
                                                                   
                                                                     
                                                                                   
                                                                             
                                                                              
                                                                         
                                                                                    
                                                                                   
                                                                                  3 
                                                                            
                                      
                                                                         
                                                                         
                                                                             
                                                                                
                                                                                   
                                                                                  
                                                                      
                                                                          
                                                                            
                                                                      
                                                                               
                                                                     
                                                                                  
                                                                               
                                                             4 
Table of Contents 
Chapter 1 Introduction 
                                                                                              
                                                                                            
                                                                                           
                                                                                     
                                                                                    
                                                                                     
                                                                                    
                                                                                   
         Drosophila melanogaster                                              
                                                                                 
                                                                                
                                                                                 
                                                                            
                                                                                  
                                                                                 
                                                                                        
                                                                               
                                                                                     
                                                                                 
                                                                                      
                                                                                     
                                                                                      
                                                                                
                                                                            
                                                                                
                                                                               
                                                                                          
                                                                                
                        D. melanogaster                                       
                                                                                      
                                                                                     
                                                                                       
                                                                                     
                                                                         
                                                                        
                                                                                 
                                                                                 
                                                                            
                                                                               
                                                                                      
                                                                                          
                                                                                      
                                                                                 
                                                                                      
                                                                                      
                                                                                      5 
                                                                                            
 
 
Chapter 2 Materials and Methods 
                                                                                           
                                                                                            
                                                                                     
                                                                                      
                                                                                      
       Escherichia coli  E. coli                                                      
                                                                                        
                                                                                        
                                                                                  
                                                                                      
                                                                                       
                                                                                       
                                                                                      
                                                                                       
                                                                             
                                                                                      
                                                                                  
                                                                                 
                                                                              
                                                                                   
                                                                                       
                                                                                    
                         Escherichia coli                                          
                                                                                
                                                                                
                                                                                      
                                                                                         
                                                                                    
                                                                                     
                                                                            
                                                                                      
                                                                                       
                                                                                      
                                                                                       
                                                                                     
                                                                                       
                                                                                    
                                                                              
                                                                          
                                                                                    
                                                                                          
                                                                                
                                                                                    
                                                                                       
                                                                                   
                                                                                    6 
     In vitro                                                                          
                                                                                          
                                                                               
                                                                              
                                                                                    
                                                                                 
                                                                                  
                                                                                  
 
 
Chapter 3 In vitro phosphorylation of Rab11-FIP3 
   In vitro                                                                             
                                                                                           
                                                                                            
                                                                                            
                                                                              
                                                                                
       In vitro                                                                
                                                                           
       In vitro                                                             
                                                                                
       In vitro                                                        
                                                                             
       In vitro                                                            
       In vitro                                                         
                                                                               
                                                                                
                                                                               
                                                                             
                                                                             
                                                                                          
 
 
Chapter 4 Consequences of Rab11-FIP3 phosphorylation  
                                                                                   
                                                                                          
                                                                                           
                                                                                           
                                                                   
                                                                             
                                                                           
                                                                                
                                                                  
                                                                    
                                                                 
                                                                             
                                                                              
                                                                                          7 
Chapter 5 Analysis of Rab11-FIP3 phosphosites 
                                                                                        
                                                                                          
                                                                                           
                                                                                          
                                                                                   
                                                                                  
                                                                            
                                                                           
                                                                     
                                                                     
                                                                     
                                                                     
                                                                                           
                                                                          
                                                                         
                                                                           
                                                                    
                                                                           
                                                                      
                                                                           
                                                                                          
 
 
Chapter 6 Discussion 
                                                                                              
 
 
Chapter 7 Appendix 
                                                                                             
                                                                                     
                                                                   
                                                              
                                                                               
                                                                     
                                                              
                                                                               
                                                               
                                                                         
 
                                                                                               
 8 
List of Tables 
                                                                               
                                                                                          
 
                                                                                
              Mammalia                                              
                                                                                                
                                                                                
              Drosophila                                              
                                                                                                
                                                                                  
              Mammalia                                              
                                                                                                
                                                                                  
              Drosophila                                              
                                                                                                
                                                                                  
              Mammalia                                              
                                                                                                
                                                                                  
              Drosophila                                              
                                                                                                
                                                                                  
              Mammalia                                              
                                                                                                
                                                                                  
              Drosophila                                              
                                                                                                
                                                                                  
              Mammalia                                              
                                                                                                
                                                                             
                    Drosophila                                              
                                                                                                
                                                                             
                    Mammalia                                              
                                                                                                
                                                                             
                    Drosophila                                              
                                                                                                
                                                                             
                    Spodoptera Frugiperda                                  
                                                                                        
 9 
List of Figures 
                                                                                             
                                                                             
                                                                                                   
                                                                               
                                                                                                  
                                                                                   
                                                                                      
                                                                                         
 
                                                                                  
           In vitro                                                                    
                                                                                  
           In vitro                                                                
                                                                                  
           In vitro                                                               
                                                                             
                                                                                                
                                                                                     
                                                                                   
                                                                                   
 
                                                                               
                                                                                          
                                                                       
                                                                                              
                                                                                 
                                                                                        
                                                                                       
                                                                                       
                                                                                       
                                                                                       
                                                                         
                                                                                     
                                                                         
                                                                                     
                                                                             
                                                                                        
                                                                               
                                                                                                  
                                                                                      
                                                                               
                                                                                             
                                                                           
                                                                                             
 
                                                                                      
                                                                            
                                                                                                10 
                                                                              
                                                                                        
                                                                              
                                                                                        
                                                                              
                                                                                        
                                                                              
                                                                                        
                                                                                
                                                                                           
                                                                                
                                                                                           
                                                                                
                                                                                           
                                                                             
                                                                                         
                                                                               
                                                                                 
                                                                               
                                                                                 
                                                                               
                                                                             
                                                                                       
                                                                              
                                                                                 
                                                                              
                                                                                  
                                                                              
                                                                             
                                                                                       
                                                                             
                                                                                 
                                                                             
                                                                                  
                                                                             
                                                                             
                                                                                       
                                                                         
                                                                              
                                                                         
                                                                               
                                                                         
                                                                          
                                                                                   
                                                                        
                                                                              
                                                                        
                                                                               
                                                                        
                                                                          
                                                                                   
                                                                          
                                                                                           11 
                                                                               
                                                                                       
                                                                        
                                                                                             
 12 
Acknowledgements 
                                                                           
                                                                               
                                                                                
                                                          
                                                                             
                                                                            
                                                                                
                                                                                
                                                                                 
                                                                                
                                                            
                                                                              
                                                                               
                            
                                                                          
                                                                                
                                                                             
                                                                                 
                                                         13 
Author's declaration 
                                                                                
                                                                             
                                                                       
 
 
                       
     
 14 
Abbreviations 
 
                 
                           
                                 
                                          
                                              
                             
                                
                                  
      
                                    
      
      
                                                 
                  
                    
                             
                                      
                                
C. elegans    Caenorhabditis elegans 
                                    
                        
                                      
               
                                                  
                             
                                           
                            
                              
                                        
                                         
                       
                                   
E. coli    Escherichia coli 
                                        
                       
                                                        
                                            15 
                                                                   
      
                              
                                           
                    
                                  
                                                  
                                           
                                  
                                  
                                                                
                           
                              
                                 
                          
                                   
                 
                    
                      
             
             
                  
                                       
                             
                                 
                                             
                           
               
                                      
                                              
                    
                                      
                                                                   
                                                                 
                         
                                                                 
                                        
                        16 
                                           
                                    
                                               
                                  
                                  
                           
                        
                                                  
                                                
                             
                                               
                     
                               
                               
                           
                            
                              
                               
                                    
S. cerevisiae    Saccharomyces cerevisiae  
                                  
                                  
                                                                       
        Spodoptera frugiperda 
S. pombe     Schizosaccharomyces pombe  
                                                            
                 
                          
                              
                                                
                    
                              
                             
                                         
                                                     
                             
                                  17 
1  Introduction Louise L. Collins, 2010    Chapter 1, 18 
 
1.1 Cell division 
                                                                             
                                                                              
                                                                                    
                                                       
                                                                               
        et al.                                                                
                                                                       
                                                                            
                                                                          
                                                                      
                                                                         
                                                                                
                                                                               
                                                                        
                                                                            
                                                                                
                                                                             
                                                                              
                                                                                
                                                                                
                                                                             
                                                                              
                                                                                  
                                                                              
                                                                                
                                                                       
                                                                            
                                                                              
                                                                           
                                                                              Louise L. Collins, 2010    Chapter 1, 19 
                                                                              
                                                                              
                                                                             
                                                                           
                                                                  
                                                                              
                                                                               
                
 
Figure 1-1 The stages of cell division (modified from Scholey et al., 2003) 
a, Prophase; b, Prometaphase; c, Metaphase; d, Anaphase A; e, Anaphase B; f, 
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Figure 1-2 Schematic diagram of the molecular mechanisms of furrow ingression (modified 
from Werner and Glotzer, 2008) 
Centralspindlin is a heterotetrameric protein assembly consisting of both the microtubule 
motor MKLP1 and the RhoA GAP CYK-4. At anaphase the centralspindlin complex interacts 
with the RhoGEF ECT2, via CYK-4. MKLP1 restricts this ternary complex to the central 
spindle. Interaction of ECT2 with centralspindlin results in the release of ECT2 from its 
autoinhibitory state. ECT2 then promotes the accumulation of RhoA in the regions of the 
cortex surrounding the central spindle. RhoA activates the actin assembly factor formin, 
thus promoting formation of the contractile ring. RhoA activates of ROCK, which 
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Figure 1-3 Schematic representation of predicted domains and classification of the FIPs 
(modified from Simon and Prekeris, 2008) 
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Figure 1-4 Temporal and spatial dynamics of GFP-FIP3 during mitosis (Wilson et al., 2005). 
HeLa cells stably expressing GFP-FIP3 were imaged using time-lapse microscopy. (A) A cell 
in metaphase with an asterisk labelling the midbody. (B) A cell in the late phase of 
cytokinesis. 
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Figure 1-5 Model for membrane traffic during cytokinesis 
 
A. Electron micrograph of an intracellular bridge in the late stages in telophase. Lateral 
constriction zones (NS) containing bundled microtubules are found either side of the central 
electron-dense midbody composed of overlapping ends of microtubules and a vast array of 
proteins (modified from Steigemann and Gerlich, 2009). 
B. Model of recycling endosome (RE) trafficking during cytokinesis (modified from Ai and 
Skop, 2009). An arrow points to FIP3 (RAB11FIP3) in the key. (1) REs are concentrated at the 
MTOC. RE vesicles traffic along the microtubules under the influence of dynein/dynactin 
motors. RACK1 is thought to interact with dynactin, thus targeting REs to the centrosomes. 
(2) Rab11 recruits FIP3 onto recycling endosome-derived vesicles at the centrosome which 
then traffic along both spindle and midzone microtubules, under the influence of kinesin 
motors, to the furrow and at later stages the midbody. At the furrow they interact with ARF6 
and members of the Exocyst family. A ternary complex is formed between ARF6-FIP3-
Rab11. The centralspindlin complex also mediates the accumulation of RE vesicles at the 
midbody, via the interaction CYK-4 with FIP3. RE vesicles may serve as an organisation 
platform for the assembly of the abscission machinery or they may deliver the cargo 
required for abscission or they may be involved in a compound fusion event which seals 
the intracellular bridge, thus resolving the two daughter cells. (3) RE vesicles are thought to 
traffic from the site of cleavage via dynein/dynactin motors. The interaction between ARF6 
and the scaffolding protein c-Jun-N-terminal-kinase interacting protein 4 (JIP4) is thought to 
control the bidirectional movement of endosomes, via association with kinesin or 
dynein/dynactin motors. 
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Figure 1-6 Cell-cycle regulation of the central spindle (modified from Barr and Gruneberg, 
2007) 
In the early stages of mitosis, CDK1 activity peaks and the kinase inhibits PRC1, MKLP1 and 
ECT2. CDK1 is inactivated at the onset of anaphase and its substrates become 
dephosphorylated. PRC1 bundles the microtubules of the central spindle and recruits 
MKLP1 (of the centralspindlin complex) and MKLP2. PRC1 also recruits PLK1 to the spindle 
for its role in cytokinesis. MKLP2 is involved in Aurora B localisation to the central spindle. 
Aurora B then phosphorylates centralspindlin, promoting its assembly with ECT2 and 
therefore influencing furrow formation via RhoA.  
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2.1 Materials 
2.1.1 General reagents  
Avanti polar lipids, Alabaster, USA 
                                       
                                                
 
Applied Biosystems, Warrington, UK 
                                       
 
Bio-Rad Laboratories Ltd., Hemel Hempstead, Hertfordshire, UK 
          
                                    
 
Carl Zeiss Ltd., Welwyn Garden City, Hertfordshire, UK 
               
 
Clontech, St-Germain-en-Laye, France  
                                     
 
Dundee Cell Products, Dundee, UK 
                                         
 
Dutscher Scientific UK, Essex, UK 
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Fisher Scientific UK Ltd., Loughborough, Leicestershire, UK 
                 
                                                                          
              
                           
        
        
                                                                
                    
         
                           
           
 
Formedium Ltd., Hunstanton, Norfolk, United Kingdom 
     
                                    
                      
 
GE Healthcare Global Headquarters, Chalfont, St Giles, Buckinghamshire 
                                                         
                                                           
                                                            
                                
                              
 
Invitrogen Ltd., Paisley, UK 
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New England Biolabs (UK) Ltd., Hitchin, Hertfordshre 
                
                                                   
              
 
Kodak, Hemel Hempstead, Hertfordshire, UK 
           
 
Melford Laboratories Ltd., Chelsworth, Ipswich, Suffolk, UK 
                     
 
Millipore (UK) Ltd., Watford, Hertfordshire, UK 
                                 
                                 
                               
 
Premier Foods, Long Sutton, Spalding, Linconshire, UK 
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Promega, Southampton, UK 
                               
     
      
     
                                                  
     
 
QIAGEN Ltd., Crawley, West Sussex, UK 
                                    
                             
                            
 
Roche Diagnostics Ltd., Burgess Hill, UK 
           
                                              
                                                         
 
Severn Biotech Ltd., Kidderminster, Worcestershire, UK 
                                                   
              
 
Sigma-Aldrich Ltd., Gillingham, Dorset, UK 
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VWR International Ltd., Lutterworth, Leicestershire, UK 
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Abcam plc., Cambridge, UK 
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BD Biosciences, San Jose, CA, USA 
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Millipore (UK) Ltd., Watford, Hertfordshire, UK 
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2.1.8 Radiochemicals 
                                   
                                          
                                                                     
2.1.9 Kinase Inhibitors 
                                                                          
                                                                        
                               
                                                                           
                                        
                                                                         
 
MERCK CHEMICALS LTD., Beeston, Nottingham, UK 
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Tocris Bioscience, Avonmouth, Bristol, UK 
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2.1.10  General solutions 
                                                     
                                
                                                                        
                                          
                                               
                                          
       
                                                                              
                                                                 
                
                                                         
                                         
                                                           
                                                              
                                               
                                           
                                               
                             
                                                
                                   
                                                           
                         
 
 Louise L. Collins, 2010    Chapter 2, 72 
                                             
                                          
                                          
                           
                                                                                
                                                
                                           
                                               
                                       
                                                                
                      
   
                                                           
                                    
                                             
                                             
                               
                                                                      
                     
                                 
                                                                          
                                                                      
                                            
                                            
                                          
                                                          
        Louise L. Collins, 2010    Chapter 2, 73 
                                                           
                
                                                         
                               
2.2 General laboratory procedures  
2.2.1 Protein assays 
                                                                               
                                                                              
                                                                               
                                                                               
                                                                             
                                                                       
                                                                          
                 
2.2.2 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)  
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2.2.3 Western blotting 
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2.2.5 Stripping of nitrocellulose membranes 
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2.3 General molecular biology 
2.3.1 Site directed mutagenesis 
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2.3.5 DNA restriction digests 
                                                                               
                                                                                  
                                                                               
                                                                           
                                            
                           
                         
                                   
                                   
                                   
                                      
   
                                                                                  
                
                                                                 
                                                                       
                                                             
2.3.6 Ligation 
                                                                               
                                                                            
                                                                              
                                                                                 
                                                                                 
                                                                                  
                                                                             Louise L. Collins, 2010    Chapter 2, 80 
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2.3.9 Alkaline phosphatase treatment of linearised plasmid DNA 
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2.3.10  DNA sequencing 
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2.4.1 Cell culture conditions 
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2.4.4 Resurrecting cells 
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2.5 Immunofluorescence 
2.5.1 Immunofluorescence 
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2.7 Proteomics 
2.7.1 Phosphorylation site mapping of Rab11-FIP3 
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2.8 Phospho-specific antibody production 
2.8.1 Phospho-specific antibody generation 
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                                                                         Louise L. Collins, 2010    Chapter 2, 94 
                                                                                   
                                                                                
                                                                               
       
                                                                              
                                                                             
                                                                       
                                                                               
                                                      
                                                                              
                                                                         
                                                                        
                                                                       
                                                                              
                                                                       
                                                                       
                                                                             
                                                                       
                                                   
                                                                        
                                                                           
                                                      g                   
                                       °                                      
                                                                             
                                                                     
                                                                            
                                                                           
                                                                                 
                                                                                
                                                                  
                                                                              
                                                   95 
3  In vitro phosphorylation of Rab11-FIP3Louise L. Collins, 2010    Chapter 3, 96 
 
 
3.1 Introduction 
                                                                           
        et al.                                                             
                                                                            
                                                                                 
                                                                                 
                                                                                
                                     
                                                                         
                                                                             
                                                                                
                                                                                   
       
                                                                            
                                  D. melanogaster                         
                         et al.               et al.                     
                                 et al.                                         
                                       et al.             et al.                
      D. melanogaster                                                  
                                                                                 
                                                                         
                                                                                
                                                                                
                                                    et al.                      
                                                                          
                                                 et al.         
                                                                              
                                                                            
                                                                            Louise L. Collins, 2010    Chapter 3, 97 
 
                                                                                  
                                                                                   
                                                                          
                                                                              
                                                                    
                                                                             
                                                                                
                                                                                 
                 
3.2 Aims 
                                                                            
                                                                    
                                                                                 
                                                                               
                                                                                   
                                                                               
                                                                                
                                                                        
                               in vitro  
 
 
 
 Louise L. Collins, 2010    Chapter 3, 98 
 
 
Figure 3-1 Identification of FIP3 phosphosites from metaphase HeLa lysates (R. Prekeris, 
personal communication) 
HeLa cells were synchronised and arrested in metaphase using a thymidine-nocodazole 
block. (A) Lysates from synchronised cells at metaphase were separated by 2D gel 
electrophoresis and probed for FIP3. Four forms of FIP3 are observed (top panel); on 
phosphatase treatment, three of these disappear (bottom panel). This suggests that FIP3 
can exist in different, reversible phosphorylation states. (B) FIP3 was immunoprecipitated 
from metaphase cells and subject to proteomic analysis to identify the phosphorylation 
sites. The experiment was repeated three times and the sites found in all three repeats are 
shown. These results suggest that FIP3 can be phosphorylated at serines 102, 281, 348 and 
451. 
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3.3 Results 
3.3.1 Generic (non kinase specific) phosphorylation predictions 
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Table 3.1 Generic (non kinase specific) phosphorylation predictions for serine residues of 
human Rab11-FIP3. 
Potential phosphorylation sites of human Rab11-FIP3 were mapped using the NetPhos 2.0 
server (Technical University of Denmark). Overall for Rab11-FIP3, 42 serine residues were 
predicted to be potentially phosphorylated. Column 1 details the position of the residue 
being analysed (pos); column 2 provides the sequence context shown as a 9-residue 
sequence centred on the residue being analysed (context); column 3 gives the output score  
as a value in the range 0.000-1.000 (score); column 4 details the assignment (pred). 
Prediction scores above the threshold of 0.500 are potential phosphosites and are assigned 
as '*S*'. If the residue is predicted not to be phosphorylated then the position is marked by a 
dot (.). Serine residues shown to be phosphorylated by Prekeris et al., are highlighted in red. 
 
3.3.2 Kinase specific phosphorylation predictions 
                                                                         
                                                                    et al.  
                                                                        
                                                                             
                                                                               
                                                                           
            et al.                                                         
                                                                              
                                                                           
                                                              
              
                                                                           
                                                                          
                                                                               
                                                                                
                                                                            
                                                                             
                                                                                
                  
                                                                              
                                                                                  
                                                                                 
                                                                              
                                                                             
                                                                              Louise L. Collins, 2010    Chapter 3, 102 
 
                                                                       
                                                                               
                                                                               
                                                                              
                         et al.             et al.                               
                                                                       
                                                                                  
                                                                                
                                                                                 
                                                                              
                                           
3.3.3 In vitro phosphorylation of FIP3 by mitotic kinases 
                                                                             
         in vitro                                                              
                                                                              
                                                                               
                                                                                   
                                                                                  
        
In vitro                                                                    
                                                                                
                                          
                                    
                                                                           
                                                                              
                                
                                                                                 
                                                              
            
                                                                 
                                                                              
                                                                               
                                                                               
                                                                            Louise L. Collins, 2010    Chapter 3, 103 
 
                                                                               
                                                                                   
                         in vitro,                                               
                 
 
 
Figure 3-2 In vitro phosphorylation of FIP3 by mitotic kinases 
In vitro phosphorylation assays were performed as detailed in section 2.6. Briefly, 50ng 
kinase was incubated with 2µg or 5µg recombinant FIP3 at 30ºC for 30 minutes, in the 
presence of 6µCi ATP-γ-
32P (top panel). Figure legends are as follows: Lane 1, 2µg 
recombinant FIP3 incubated with kinase; Lane 2, 5µg recombinant FIP3 incubated with 
kinase; Lane 3, kinase only; Lane 4, 2µg recombinant FIP3 only; Lane 5, 5µg recombinant 
FIP3 only. The position of the Broad Range Prestained Protein Marker is illustrated. 2µg 
myelin basic protein (MBP) was used as a positive control for kinase activity (bottom panel). 
Figure legends are as follows: Lane 1, 2µg MBP incubated with kinase; Lane 2, 2µg MBP 
only. The position of the Broad Range Prestained Protein Marker is illustrated, with markers 
175, 83, 62, 47.5 and 32.5 omitted due to space constraints. Samples were separated by 
SDS-PAGE as detailed in section 2.2.2 and autoradiography was performed. The positions 
of FIP3 and MBP on the autoradiographs are marked by arrows. Autoradiographs show that 
in the absence of kinase, FIP3 becomes phosphorylated. FIP3 phosphorylation increases on 
addition of kinases Aurora A (A), Aurora B (B), cyclin B-CDK1 (C) and Plk1 (D). Figures 3.2E-
F show that all kinases are active since they phosphorylate MBP. Representative 
autoradiographs from an experiment performed in duplicate are presented.   
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3.3.4 Analysis of recombinant FIP3’s capacity to 
autophosphorylate 
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Figure 3-3 Analysis of recombinant FIP3’s capacity to autophosphorylate 
The capacity of the Baculovirus Sf9 insect cell expressed FIP3 sample to autophosphorylate 
was investigated via an in vitro phosphorylation assay, as detailed in section 2.6. (A) 2µg 
MBP was incubated for 30 minutes at 30ºC in the presence of 2µg FIP3 (with or without heat-
treatment at 60ºC for 30 minutes) and 6µCi ATP-γ-
32P. Samples were separated by SDS-
PAGE (section 2.2.2) and autoradiography was performed. Figure legends are as follows: 
Lane 1, 2µg MBP incubated with 2µg recombinant FIP3; Lane 2, 2µg MBP incubated with 2µg 
heat-treated recombinant FIP3. The position of the Broad Range Prestained Protein Marker 
is illustrated.  Baculovirus expressed recombinant FIP3 is capable of phosphorylating MBP, 
but on heat-treatment this ability is lost. (B) 2µg recombinant FIP3 was incubated for 30 
minutes at 60ºC or 80° C and then subject to an in vitro phosphorylation assay for 30 
minutes at 30ºC in the presence of 6µCi ATP-γ-
32P. Samples were separated by SDS-PAGE 
and autoradiography was performed. Figure legends are as follows: Lane 1, 2µg 
recombinant FIP3 only; Lane 2, 2µg recombinant FIP3 incubated at 60ºC; Lane 3, 2µg 
recombinant FIP3 incubated at 80ºC. The position of the Broad Range Prestained Protein 
Marker is illustrated. Baculovirus expressed recombinant FIP3 which has not been heat-
treated is capable of autophosphorylation, but when heat treated, this kinase activity is lost. 
Data from a single experiment is presented. 
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3.3.5 In vitro phosphorylation of heat-treated FIP3 by mitotic 
kinases 
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Figure 3-4 In vitro phosphorylation of heat-treated FIP3 by mitotic kinases 
In vitro phosphorylation assays were performed as detailed in section 2.6. Firstly, 
Baculovirus Sf9 insect cell expressed FIP3 was subject to heat treatment at 60ºC for 30 
minutes to abolish the autophosphorylating capacity of the sample. 50ng kinase was 
incubated with 2µg or 5µg recombinant FIP3 at 30ºC for 30 minutes, in the presence of 6µCi 
ATP-γ-
32P (top panel). Figure legends are as follows: Lane 1, 2µg recombinant FIP3 
incubated with kinase; Lane 2, 5µg recombinant FIP3 incubated with kinase; Lane 3, kinase 
only; Lane 4, 2µg recombinant FIP3 only; Lane 5, 5µg recombinant FIP3 only. Samples were 
separated by SDS-PAGE as detailed in section 2.2.2 and autoradiography was performed. 
The position of the Broad Range Prestained Protein Marker is illustrated. The position of 
FIP3 on the autoradiograph is marked by an arrow. Autoradiographs show that FIP3 can be 
phosphorylated by cyclin B-CDK1 (C), Plk1 (D) and Aurora A (A). Aurora B (B) 
phosphorylates FIP3 to a lesser extent. 2µg myelin basic protein (MBP) was used as a 
positive control for kinase activity (bottom panel). Figure legends are as follows: Lane 1, 
2µg MBP incubated with kinase; Lane 2, 2µg MBP only. The position of the Broad Range 
Prestained Protein Marker is illustrated, with markers 175, 83, 62, 47.5 and 32.5 omitted due 
to space constraints. The position of MBP on the autoradiograph is marked by an arrow. 
Figure E-F show that all kinases are active since they phosphorylate MBP. Representative 
autoradiographs from an experiment performed in triplicate are presented.   
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Figure 3-5A Phosphorylation site mapping of non-phosphorylated FIP3 
Mascot report of non-phosphorylated FIP3 peptides, performed by the FingerPrints Proteomic Facility, University of Dundee. An in vitro phosphorylation 
assay was performed on 50µg recombinant heat-treated FIP3, in the presence of 100µM ATP.Mg
2+, at 30ºC for 60 minutes. The sample was TCA precipitated 
and separated by SDS-PAGE (section 2.2.2). The band corresponding to FIP3 was excised and subjected to nLC-MS/MS and parent ion scanning. Sites of 
significant phosphorylation (with E-values (expect) less than 1) are marked with a star. No significant phosphorylation was detected in non-phosphorylated 
FIP3. Louise L. Collins, 2010    Chapter 3, 110 
 
 
 
Figure 3-5B Phosphorylation site mapping of Aurora A phosphorylated FIP3 
Mascot report of Aurora A phosphorylated FIP3 peptides, performed by the FingerPrints Proteomic Facility, University of Dundee. An in vitro 
phosphorylation assay was performed on 50µg recombinant heat-treated FIP3 using 200ng Aurora A, in the presence of 100µM ATP.Mg
2+, at 30ºC for 60 
minutes. The samples was TCA precipitated and separated by SDS-PAGE (section 2.2.2). The band corresponding to FIP3 was excised and subjected to 
nLC-MS/MS and parent ion scanning. Sites of significant phosphorylation (with E-values (expect) less than 1) are marked with a star. Weak phosphorylation 
was found in Aurora A phosphorylated FIP3 at Serine 71 (WSAGPAPGLEGGPR). Louise L. Collins, 2010    Chapter 3, 111 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-5C Phosphorylation site mapping of CDK1 phosphorylated FIP3 
Mascot report of CDK1 phosphorylated FIP3 peptides, performed by the FingerPrints Proteomic Facility, University of Dundee. An in vitro phosphorylation 
assay was performed on 50µg recombinant heat-treated FIP3 using 200ng CDK1/cyclin B, in the presence of 100µM ATP.Mg
2+, at 30ºC for 60 minutes. The 
sample was TCA precipitated and separated by SDS-PAGE (section 2.2.2). The band corresponding to FIP3 was excised and subjected to nLC-MS/MS and 
parent ion scanning. Sites of significant phosphorylation (with E-values (expect) less than 1) are marked with a star. Significant phosphorylation was 
identified in CDK1 phosphorylated FIP3, at Serine 102 (GQLASPDAPGPGPR) and Serine 52 (LGAPVGGPDPQSPGLDEPAPGAAADGGAR).  Louise L. Collins, 2010    Chapter 3, 112 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-5D Phosphorylation site mapping of Plk1 phosphorylated FIP3 
Mascot report of Plk1 phosphorylated FIP3 peptides performed by the FingerPrints Proteomic Facility, University of Dundee. An in vitro phosphorylation 
assay was performed on 50µg recombinant heat-treated FIP3 using 200ng Plk1, in the presence of 100µM ATP.Mg
2+, at 30ºC for 60 minutes. The sample was 
TCA precipitated and separated by SDS-PAGE (section 2.2.2). The band corresponding to FIP3 was excised and subjected to nLC-MS/MS and parent ion 
scanning. Sites of significant phosphorylation (with E-values (expect) less than 1) are marked with a star. No significant phosphorylation was detected in 
Plk1 phosphorylated FIP3.Louise L. Collins, 2010      Chapter 3, 113 
 
 
3.3.7 In vitro phosphorylation of FIP3 by Aurora B (co-expressed 
with INCENP and survivin) 
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Figure 3-6 In vitro phosphorylation of CDK1 and Aurora A primed FIP3 
 
(Top panel) 2µg heat-treated recombinant FIP3 was pre-incubated with 50ng of cyclin B-
CDK1 (A) or Aurora A (C) for 90 minutes at 30ºC, in the presence of 50µM ATP.Mg
2+. Kinase 
assays were then performed on the phosphate primed FIP3, in the presence of 6µCi ATP-γ-
32P and 50ng of Aurora A, Aurora B, Plk1 or cyclin B-CDK1. Incubations were carried out in a 
water bath at 30ºC for 60 minutes. Samples were separated by SDS-PAGE and 
autoradiography was performed. Figure legends for figure 3.6A are as follows: Lane 1, 2µg 
recombinant FIP3 pre-incubated with CDK1; Lane 2, 2µg recombinant FIP3 pre-incubated 
with CDK1 and phosphorylated by Aurora A; Lane 3, 2µg recombinant FIP3 pre-incubated 
with CDK1 and phosphorylated by Aurora B;  Lane 4, 2µg recombinant FIP3 pre-incubated 
with CDK1 and phosphorylated by Plk1;  Lane 5, 2µg recombinant FIP3; Lane 6, 2µg 
recombinant FIP3 phosphorylated by Aurora A; Lane 7, 2µg recombinant FIP3 
phosphorylated by Aurora B; Lane 8, 2µg recombinant FIP3 phosphorylated by Plk1. The 
position of the Broad Range Prestained Protein Marker is illustrated. Data from a single 
experiment is presented. 
(Bottom panel) This was repeated for the control protein, MBP which was pre-incubated 
with CDK1 (B) and Aurora A (D). Figure legends for figure 3.6B are as follows: Lane 1, 2µg 
MBP pre-incubated with CDK1; Lane 2, 2µg MBP pre-incubated with CDK1 and 
phosphorylated by Aurora A; Lane 3, 2µg MBP pre-incubated with CDK1 and 
phosphorylated by Aurora B;  Lane 4, 2µg MBP pre-incubated with CDK1 and 
phosphorylated by Plk1;  Lane 5, 2µg MBP. The position of the Broad Range Prestained 
Protein Marker is illustrated, with markers 175, 83, 62, 47.5 and 32.5 omitted due to space 
constraints.  The positions of FIP3 and MBP on the autoradiograph are marked. Data from a 
single experiment is presented. 
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3.3.9 In vitro phosphorylation of Alkaline Phosphatase treated 
FIP3 by mitotic kinases 
                                                                 
                                                       in vitro                 
                                                                               
                                                                                
                                           in vitro                          
                                                                                
                                                                                 
                                                                               
                                                                                
                                                                                
                                                                             
                                                                           
                                                                          
                                                                                
                                                                           
                                                                            
                                                                            
                                                                       
                                       
                                      
                                                                               
                                                                               
                                                                              
                                                                    
                                
                                                                                   
                                                                       
                                                                            
                                                                                
                                                        Louise L. Collins, 2010    Chapter 3, 117 
 
3.3.10  Proteomic analysis of recombinant FIP3 
In vitro                                                                          
                                                                                 
                                                                              
                                                                               
                                                                                
                                                                              
                                                                                 
                                                                       
                                 
 
Figure 3-7 Recombinant FIP3 separated by SDS-PAGE and stained with Coomassie Blue 
Stain. 
2µg (Lane 1) and 5µg (Lane 2) recombinant FIP3 were diluted in 4X SDS-PAGE loading 
buffer. Samples were separated by SDS-PAGE as detailed in section 2.2.2 and Coomassie 
Blue stained as outlined in section 2.2.6. The position of the Broad Range Prestained 
Protein Marker is illustrated. FIP3 appears as expected at approximately 100 kDa. Additional 
proteins bands are present. These may show degradation of the FIP3 sample or perhaps 
suggest the purification procedure resulted in contamination with insect cell proteins. 
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3.3.11  Immunoblot analysis of recombinant FIP3 
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Figure 3-8 Immunoblot analysis of recombinant FIP3 
2µg recombinant FIP3 sample was separated by SDS-PAGE, as detailed in section 2.2.2. As 
a control, 10µg of S100 fraction and a HeLa lysate were included on the gel. SDS-PAGE gels 
were then subject to western blotting, as detailed in section 2.2.3. Nitrocellulose membranes 
were then probed for a selection of mitotic kinases, as described in section 2.2.4. A 
representative blot is shown, depicting FIP3 (A) and CDK1 (B). Figure legends are as 
follows: Lane 1, 2µg FIP3; Lane 2, 10µg S100 fraction; Lane 3, homemade HeLa lysate. The 
position of the Broad Range Prestained Protein Marker is illustrated. Samples were run on 
the same SDS-PAGE gel, with the protein marker in a lane between 2µg FIP3 and the S100 
fraction, but for presentation purposes the protein marker was removed from the above 
figure. Kinases were detected in the S100 fraction and homemade HeLa lysate. No kinases 
were detected in the recombinant FIP3 sample, even upon prolonged exposure of the 
immunoblots. Data from a single experiment is presented. 
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3.3.12  FIP3 autophosphorylation in the presence of kinase   
inhibitors 
                                                                           
                                                                          
                                                                         
                                   
                                                                in vitro 
                                                                                 
                                                                   
     
                                                                               
                                                                                
                                                                               
                                                                          
                                                                                
                                                                            
                                                                              
                                                                              
                                                                            
                                       
                                        
                                                                           
                                                                             
 
 
 Louise L. Collins, 2010    Chapter 3, 124 
 
 
Figure 3-9 FIP3 autophosphorylation in the presence of kinase inhibitors 
(A) 2µg autophosphorylating FIP3 was incubated for 30 minutes at 30ºC in the presence of 
6µCi ATP-γ-
32P (Lane 1). Identical incubations were set up, but with kinase inhibitors which 
were added for the duration of the assay: 100µM ZM447439 (Lane 2), 100µM PD98059 (Lane 
3), 100µM SB203580 (Lane 4), 100µM Plk1a (Lane 5), 100µM Plk1b (Lane 6), 100µM Y-27632 
(Lane 7) and 5µM BMI-1026 (Lane 8). Samples were separated by SDS-PAGE (section 2.2.2) 
and autoradiography was performed. The position of the Broad Range Prestained Protein 
Marker is illustrated. No significant change in FIP3 autophosphorylation was observed for 
any of the kinase inhibitors tested. (B) To test the extent of CDK1 inhibition by BMI-1026, 
2µg MBP and 50ng CDK1 were incubated for 30 minutes at 30ºC with 6µCi ATP-γ-
32P (Lane 
1). This was carried out in duplicate, with 5µM BMI-1026 added to one for the duration of the 
assay (Lane 2). 5µM BMI-1026 inhibits CDK1 phosphorylation of MBP. The positions of FIP3 
and MBP on the autoradiographs are marked. Representative autoradiographs from an 
experiment performed in duplicate are presented.   
 
3.3.13  HeLa cytoplasmic S100 fraction phosphorylation of 
FIP3 
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Figure 3-10 HeLa cytoplasmic S100 fraction phosphorylation of FIP3 
Baculovirus Sf9 insect cell expressed FIP3 was subject to heat-treatment at 60ºC for 30 
minutes. 50µg of S100 fraction was added to screw topped eppendorfs. Kinase assay buffer 
was added to a final volume of 50µl followed by 20µg recombinant heat-treated FIP3. The 
reaction was started on addition of 6µCi ATP-γ-
32P and carried out in a 30ºC water bath. At 0 
(lane 3), 30 (lane 4), 60 (lane 5) and 120 (lane 6) minutes, 12.5µl of the reaction mixture was 
removed and added to screw topped eppendorfs containing 3µl 4x SDS-PAGE loading 
buffer. FIP3 only (lane 1) and S100 fraction only (lane 2) controls were set up, and, at 120 
minutes, 20µl 4x SDS-PAGE loading buffer was added to each tube. Samples were 
separated by SDS-PAGE, as detailed in section 2.2.2, and autoradiography was performed. 
The position of the Broad Range Prestained Protein Marker is illustrated. The positions of 
FIP3 on the autoradiograph are marked. Data from a single experiment is presented. 
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Figure 4-1 Analysis of the role of phosphorylation in the membrane and cytosol distribution 
of FIP3 throughout the cell-cycle (R. Prekeris, personal communication). 
HeLa cells were synchronised using a thymidine and nocodazole block. Cells were released 
into metaphase and fractionated at metaphase and telophase. A. Fractionation at various 
time points after release from nocodazole. Fractions were blotted for FIP3 and the ratio of 
FIP3 in the membrane and cytosol was determined. During prometaphase and metaphase, 
FIP3 is predominantly cytosolic; FIP3 is membrane associated in telophase cells. B. 
Examples of gels from experiment shown in A. Fractions were blotted for FIP3, transferrin 
receptor (TfR) and RCP (class I FIP). C. Qiagen phospho-binding column was used to isolate 
phosphorylated proteins from metaphase or telophase cells. FIP3 phosphorylation appears 
to decrease at telophase; there is no effect on RCP phosphorylation. D. Analysis of the 
effect of phosphorylation on FIP3 binding to membranes. Fractions from metaphase cells 
were isolated and treated with phosphatase, resulting in increased FIP3 association with 
membranes. There is no effect on RCP phosphorylation. In summary, phosphorylation and 
dephosphorylation of FIP3 during mitosis may regulate FIP3 association with membranes. 
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Figure 4-2 Membrane and cytosol fractionation of synchronised GFP-FIP3 expressing HeLa 
cells 
HeLa cells stably expressing GFP-FIP3 were synchronised using a thymidine and 
nocodazole block, as detailed in section 2.4.5.1. Cells were fractionated using HPFEV buffer 
and a ball-bearing homogeniser at metaphase (45 minutes) and telophase (90 and 110 
minutes), as detailed in section 2.4.8. Proteins were separated by SDS-PAGE, as detailed in 
section 2.2.2; transferred to nitrocellulose via western blotting, as detailed in section 2.2.3; 
detection of proteins was performed by immunodetection, as detailed in section 2.2.4. 
Crude homogenate (input), membrane and cytosol fraction were probed for FIP3, GFP, 
syntaxin 6 (membrane control) and GAPDH (cytosol control). The position of the Broad 
Range Prestained Protein Marker is illustrated. Samples were run on the same gel, with 
protein markers separating the input, membrane and cytosol fractions; these have been 
removed for the purpose of presentation. Data from a typical experiment is presented. 
Syntaxin 6 (Figure 4.2C) and GAPDH (Figure 4.2D) show consistent levels of protein in the 
input, membrane and cytosol fractions. FIP3 levels are constant throughout the cell-cycle in 
the input (Figure 4.2A). In metaphase FIP3 is predominantly cytosolic; in telophase FIP3 is 
predominantly membrane associated. Representative immunoblots from an experiment 
performed in duplicate are presented.   
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Figure 4-3 Quantification of GFP levels in the membrane and cytosol fractions of 
synchronised GFP-FIP3 expressing HeLa cells. Data from an experiment performed in 
duplicate are presented.   
 
4.3.2 Phospho-specific antibody validation via peptide 
competition assays (PCAs) 
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Figure 4-4 FIP3 pS102 peptide competition assay 
To validate the specificity of the phospho-specific antibodies, we performed peptide 
competition assays (PCAs). The protocol used is detailed in section 2.8.3. In brief, various 
FIP3 samples were separated by SDS-PAGE, as described in section 2.2.2. These were 
200ng baculovirus sf9 insect cell expressed FIP3 (Lane 1); 1µg CDK1 phosphorylated heat-
treated FIP3 (Lane 2); HeLa lysate stably expressing GFP-FIP3 (Lane 3); HeLa lysate (Lane 
4). FIP3 proteins were transferred onto nitrocellulose, as described in section 2.2.3, and 
blocked in PBS-T containing 5% (w/v) non fat milk overnight. This was done in triplicate to 
produce three identical test samples for analysis by PCA. Three test samples were prepared 
as follows. Sample A: water only (no peptide control) in a total volume of 1ml PBS-T 
containing 1% Marvel; sample B: 2.66µM phosphorylated peptide to serine 102 in a total 
volume of 1ml PBS-T containing 1% Marvel; sample C: 2.66µM non-phosphorylated peptide 
to serine 102 in a total volume of 1ml PBS-T containing 1% Marvel. 3ml of a 1:500 dilution of 
the phospho-specific antibody was added into each of the samples. The tubes were 
incubated for 2 hours at room temperature with gentle rocking. Samples were centrifuged at 
3273 g in a refrigerated benchtop centrifuge for 15 minutes at 4° ° ° °C to pellet any immune 
complexes. The pre-incubated antibody was added to one of the three identical 
nitrocellulose membranes for immunoblotting. These were incubated overnight at 4° C and 
processed for immunodetection using an Amersham ECL Rabbit IgG, HRP-Linked Whole 
Ab, as described in section 2.2.4. The position of the Broad Range Prestained Protein 
Marker is illustrated. Representative immunoblots from an experiment performed in 
duplicate are presented.   Louise L. Collins, 2010    Chapter 4, 140 
 
 
Figure 4-5 FIP3 pS281 peptide competition assay 
To validate the specificity of the phospho-specific antibodies, we performed peptide 
competition assays (PCAs), details of which can be found in the figure legend of Figure 4.4. 
Representative immunoblots from an experiment performed in duplicate are presented.   
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Figure 4-6 FIP3 pS348 peptide competition assay  
To validate the specificity of the phospho-specific antibodies, we performed peptide 
competition assays (PCAs), details of which can be found in the figure legend of Figure 4.4. 
Representative immunoblots from an experiment performed in duplicate are presented.    
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Figure 4-7 FIP3 pS451 peptide competition assay 
To validate the specificity of the phospho-specific antibodies, we performed peptide 
competition assays (PCAs), details of which can be found in the figure legend of Figure 4.4. 
Representative immunoblots from an experiment performed in duplicate are presented.   
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4.3.3 Phospho-specific antibody analysis of membrane and 
cytosol fractions from synchronised GFP-FIP3 expressing 
HeLa cells 
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Figure 4-8 Analysis of phosphorylated serine 102 in membrane and cytosol fractionated 
synchronised GFP-FIP3 expressing HeLa cells 
HeLa cells stably expressing GFP-FIP3 were synchronised using a thymidine and 
nocodazole block, as detailed in section 2.4.5.1. Cells were fractionated using HPFEV buffer 
and a ball-bearing homogeniser at metaphase (45 minutes) and telophase (90 and 110 
minutes), as detailed in section 2.4.8. Proteins were separated by SDS-PAGE, as detailed in 
section 2.2.2; transferred to nitrocellulose via western blotting, as detailed in section 2.2.3; 
detection of proteins was performed by immunodetection, as detailed in section 2.2.4. 
Crude homogenate (input), membrane and cytosol fraction were probed for FIP3, GFP, 
syntaxin 6 (membrane control) and GAPDH (cytosol control). These immunoblots, 
previously presented in figure 4.2, were stripped of antibody (section 2.2.5) and reprobed for 
pS102 (Figure 4.8A). The position of the Broad Range Prestained Protein Marker is 
illustrated. Samples were run on the same gel, with protein markers separating the input, 
membrane and cytosol fractions; these have been removed for the purpose of presentation. 
In the input, FIP3 levels remain constant throughout the cell-cycle. However, pS102 peaks in 
metaphase, but decreases towards telophase. pS102 is all but absent in the membrane 
fraction. In the cytosol fraction pS102 peaks in metaphase, but decreases as the cell 
progresses through the cell-cycle and is present at very low levels in telophase. Data from a 
single experiment is presented. 
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Figure 4-9 Quantification of pS102 expression in the input, membrane and cytosol fractions 
of synchronised GFP-FIP3 expressing HeLa cells. 
Input fractions are quantified from pS102 expression from figures 4.8 and 4.10D (data from 
an experiment performed in duplicate). Membrane and cytosol fractions are quantified from 
pS102 expression from figure 4.8 (data from a single experiment).  
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Figure 4-10 Phospho-specific antibody analysis of crude cell homogenate from 
synchronised GFP-FIP3 expressing HeLa cells 
HeLa cells stably expressing GFP-FIP3 were synchronised using a thymidine and 
nocodazole block, as detailed in section 2.4.5.1. Cells were homogenised using HPFEV 
buffer and a ball bearing homogeniser at metaphase (45 minutes) and telophase (90 and 110 
minutes), as detailed in section 2.4.8. Proteins were separated by SDS-PAGE, as detailed in 
section 2.2.2; transferred to nitrocellulose via western blotting, as detailed in section 2.2.3; 
detection of proteins was performed by immunodetection, as detailed in section 2.2.4. 
Crude homogenate was probed for pS102, pS281, pS348 and pS451. Data from a typical 
experiment is presented. The position of the Broad Range Prestained Protein Marker is 
illustrated. Immunoblots of GFP (Figure 4.10A) and GAPDH (Figure 4.10B) show equal 
loading of protein. Cyclin B1 expression (Figure 4.10C) is level in 45 and 60 minute 
fractions, but decreases as cells enter telophase. pS102 detects GFP-FIP3, the levels of 
which decrease from 45 minutes to 110 minutes post release (Figure 4.10D). It is unclear 
whether pS281 (Figure 4.10E), pS348 (Figure 4.10F) and pS451 (Figure 4.10G) detect GFP-
FIP3. Representative immunoblots from an experiment performed in duplicate are 
presented.   Louise L. Collins, 2010    Chapter 4, 147 
 
 
4.3.4 Density gradient analysis of FIP3’s association with HeLa 
membranes 
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Figure 4-11 Density gradient analysis of FIP3’s association with HeLa membranes 
Recombinant baculovirus Sf9 cell expressed FIP3 was incubated with either HeLa 
membranes or protein-free liposomes. These membranes (or vesicles) were then floated up 
through an Optiprep gradient. Fractions were collected and the distribution of proteins 
within the gradients was assayed by immunoblotting. A detailed description of the methods 
used is provided in section 2.4.9 of the materials and methods. Fractions were separated by 
SDS-PAGE, as detailed in section 2.2.2. Proteins were transferred to nitrocellulose via 
Western Blotting, as detailed in section 2.2.3 and immunoblotted for FIP3, as detailed in 
section 2.2.4. The FIP3 sample incubated with HeLa membranes was blotted for Rab5, as a 
marker for endocytic membranes. The bottom and top of the Optiprep density gradient is 
marked. Representative immunoblots from an experiment performed in duplicate are 
presented.   
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4.3.5 Effect of kinase inhibition on GFP-FIP3 localisation in HeLa 
cells 
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Figure 4-12 Telophase localisations of GFP-FIP3 in HeLa cells 
HeLa cells were transfected with a GFP-FIP3 expressing plasmid (detailed in section 2.1.5), 
as decscribed in section 2.4.6. Cells were fixed with 4% (w/v) ρ-formaldehdye and processed 
for immunofluorescence 48 hours after transfection (section 2.5). Cells were stained for 
microtubules using a rat monoclonal antibody to α-Tubulin, followed by Alexa Fluor® 568 
(red channel). Mounted coverslips were analysed using a 63x Zeiss oil immersion objective 
on a Zeiss confocal microscope (Carl Zeiss, Germany) equipped with Zeiss LSM5 Pascal 
instrument. Zeiss Pascal software was used to collect and edit images. Panel A shows a 
GFP-FIP3 expressing HeLa cell in an early stage of telophase. Panel B shows a GFP-FIP3 
expressing HeLa cell in a late stage of telophase.  
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Figure 4-13 Effect of kinase inhibition on the localisation of GFP-FIP3 in non-synchronised 
HeLa cells 
Non-synchronised GFP-FIP3 stably expressing HeLa cells were grown on coverslips for 24 
hours, then incubated overnight with a range of kinase inhibitors. These were 100µM Y-
27632, 10µM PD 98059, 200µM BMI-1026, 2µM ZM 447439 and 0.15% (v/v) or 0.5% (v/v) 
DMSO. Cells were fixed with 4% (w/v) ρ-formaldehyde and stained for alpha-tubulin and 
DAPI. The proportion of GFP-FIP3 expressing telophase cells in either early telophase or 
late telophase was quantified. Approximately 200 cells per condition were counted. 
Inhibiting CDK1 with BMI-1026 resulted in approximately 30% of cells in late telophase, 
compared to the DMSO controls of 65-80%. Data from a single experiment is presented. 
 
                                                                           
                                                                      
                                                                            
                                                         et al.                  
                                                                                 
                                                                              
                                                                            
                                                                        
                                                                             
                                                                              
                                                                              
                                                                                 
                                                                                
                                                                                  
                                                                              
                                                                                 Louise L. Collins, 2010    Chapter 4, 152 
 
                                                                             
                                                                             
                                                                                
                                                                                 
                                                                             
                                                                        
                                                                            
                                                                               
                                    
                                                                                 
                                                                            
                                                                          
                                                                            
                                                                                 
                                                                              
                                                                           
                                                                             
                                                                                   
                                 Louise L. Collins, 2010    Chapter 4, 153 
 
0
10
20
30
40
50
60
70
80
90
100
6
0
 
m
i
n
s
7
0
 
m
i
n
s
8
0
 
m
i
n
s
9
0
 
m
i
n
s
6
0
 
m
i
n
s
7
0
 
m
i
n
s
8
0
 
m
i
n
s
9
0
 
m
i
n
s
6
0
 
m
i
n
s
7
0
 
m
i
n
s
8
0
 
m
i
n
s
9
0
 
m
i
n
s
BMI-1026  PD 98059  DMSO 
Treatment
%
Late Telophase
Early Telophase
 
Figure 4-14 Effect of kinase inhibition on the localisation of GFP-FIP3 in synchronised HeLa 
cells 
HeLa cell stably expressing GFP-FIP3 were synchronised using a thymidine, nocodazole 
and MG-132 block, as described in section 2.4.5.2 of the materials and methods. 
Synchronised cells were harvested via shake plated onto ethanol sterilised glass 
coverslips. Cells were incubated for 10 minutes, before a selection of kinase inhibitors were 
added: 50nM BMI-1026, 50µM PD 98059 and a DMSO only control. Cells were incubated for 
60, 70, 80 and 90 minutes (including the 10 pre-inhibitor incubation) before coverslips were 
fixed with 4% (w/v) ρ-formaldehdye and stained for alpha-tubulin and DAPI, as described in 
section 2.5. The proportion of GFP-FIP3 expressing cells in early or late telophase was 
quantified. Approximately 200 cells per condition were counted. In BMI-1026 treated cells 
released for 60-70 minutes, approximately 20% of cells were in late telophase. At 80 to 90 
minutes post release, this increased slightly to 30 to 40%. In contrast, 60 to 70% of cells 
treated with DMSO and released for 60 to 90 minutes were in late telophase. Data from a 
single experiment is presented. 
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Figure 5-1 Schematic figure of the GFP-FIP3 plasmid. 
The coding sequence of human FIP3 was cloned into the multiple cloning site of the pEGFP-
N1 plasmid via XhoI (N-terminus of FIP3) and EcoRI (C-terminus of FIP3). This plasmid is 
hereafter referred to as GFP-FIP3 and is detailed in section 2.1.5 of the materials and 
methods. Sites of digest by the restriction enzymes used in this work are detailed. 
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5.3.3 Cloning of BamHI fragments into GFP-FIP3 or pCR3.1 
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5.3.4 Generation of phospho-mutant GFP-FIP3 plasmids 
5.3.4.1  Generation of GFP-FIP3-S102A and GFP-FIP3-S102D plasmids 
                                                                          
                                                                               
                                                                           
                                                                            
                     
           
           
                         
            
           
         
 
                                                                         
                                                                               
                                                                            
                                                                               
                                                                              
                                                                               
                                                                           
                                                                             
                                      
                                                                  
 
5.3.4.2  Generation of GFP-FIP3-S281A and GFP-FIP3-S281D plasmids 
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5.3.4.3  Generation of GFP-FIP3-S348A and GFP-FIP3-S348D plasmids 
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5.3.4.4  Generation of GFP-FIP3-S451A and GFP-FIP3-S451D plasmids 
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5.4 Results 
5.4.1 Restriction digest analysis of phospho-mutant GFP-FIP3 
plasmids 
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Figure 5-2 Restriction digest analysis of GFP-FIP3-S102A and GFP-FIP3-S102D plasmids 
GFP-FIP3-S102A and GFP-FIP3-S102D plasmids were subject to restriction digests to 
confirm FIP3 fragment size. Restriction digests were carried out according to section 2.3.5, 
using 1.5µg of plasmid. For comparison, GFP-FIP3 and GFP-FIP3-I737E were also digested. 
Plasmids were incubated with 10u XhoI and 10u EcoRI for two hours at 37ºC and DNA 
fragments separated and visualised via agarose gel electrophoresis, according to section 
2.5.7. Lane allocations are as follows: Lane 2, GFP-FIP3-S102A; Lane 3, GFP-FIP3-S102D; 
Lane 4, GFP-FIP3; Lane 5, GFP-FIP3-I737E. Lane 1 contains the 1kb DNA ladder, with the 
positions of the markers indicated. The position of FIP3 is marked. In all DNA samples 
digested FIP3 produces a fragment size between the 2-3kb markers, as expected, since the 
coding sequence of human FIP3 is 2270kb. Thus, SDM did not introduce any insertions or 
deletions into the FIP3 sequence of the mutants. Louise L. Collins, 2010    Chapter 5, 169 
 
5.4.2 Immunoblot analysis of HeLa lysates from cells expressing 
phospho-mutant GFP-FIP3 plasmids 
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Figure 5-3 Immunoblot analysis of HeLa lysates from cells expressing GFP-FIP3-S102A and 
GFP-FIP3-S102D plasmids 
To check that GFP-FIP3-S102A (Lane 1) and GFP-FIP3-S102D (Lane 2) plasmids expressed 
their mutated FIP3 proteins at the correct molecular weight, the plasmids were transfected 
into HeLa cells. Control transfections included GFP-FIP3 (Lane 3) and GFP-FIP3-I737E (Lane 
4), Lipofectamine 2000 only (Lane 5) and untransfected cells (Lane 6). The protocol for 
which is detailed in section 2.4.6 of the materials and methods. Cells were lysed at 24 
(Figures 5.3A and 5.3D), 48 (Figures 5.3B and 5.3E) and 72 (Figures 5.3C and 5.3F) hours 
after transfection. The protocol for which is detailed in section 2.4.7. Protein lysates were 
separated by SDS-PAGE, as detailed in section 2.2.2, and then transferred onto 
nitrocellulose via Western Blotting, as outlined in section 2.2.3. Following Western Blotting 
the membrane was cut in half at the 47.5kDa marker. The half of the membrane above 
47.5kDa was probed for GFP (top panel). As a loading control, the half of the membrane 
below the 47.5kDa marker was probed for GAPDH (bottom panel). A protocol for this is 
provided in section 2.2.4. The resulting immunoblots are presented, with the positions of 
GFP and GAPDH labelled. The position of the Broad Range Prestained Protein Marker is 
illustrated. GFP-FIP3-S102A and GFP-FIP3-S102D run at the same molecular weight as GFP-
FIP3 and GFP-FIP3-I737E. Representative immunoblots from an experiment performed in 
duplicate are presented.   
 Louise L. Collins, 2010    Chapter 5, 171 
 
 
Figure 5-4 Immunoblot analysis of HeLa lysates from cells expressing GFP-FIP3-S281A and 
GFP-FIP3-S281D plasmids (figure legend as per figure 5.3). Representative immunoblots 
from an experiment performed in duplicate are presented.   
 
Figure 5-5 Immunoblot analysis of HeLa lysates from cells expressing GFP-FIP3-S348A and 
GFP-FIP3-S348D plasmids (figure legend as per figure 5.3). Representative immunoblots 
from an experiment performed in duplicate are presented.   Louise L. Collins, 2010    Chapter 5, 172 
 
 
Figure 5-6 Immunoblot analysis of HeLa lysates from cells expressing GFP-FIP3-S451A and 
GFP-FIP3-S451D plasmids (figure legend as per figure 5.3). Representative immunoblots 
from an experiment performed in triplicate are presented.   
 
5.4.3 Immunofluorescence analysis of HeLa cells expressing 
phospho-mutant GFP-FIP3 plasmids 
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5.4.4 Binuclear cell count analysis of HeLa cells expressing 
phospho-mutant GFP-FIP3 plasmids 
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Figure 5-7 Binuclear cell count of HeLa cells expressing GFP-FIP3-S102A and GFP-FIP3-
S102D plasmids for 48 hours. Approximately 500 cells per condition were counted. Data 
from a single experiment is presented. 
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Figure 5-8 Binuclear cell count of HeLa cells expressing GFP-FIP3-S281A and GFP-FIP3-
S281D plasmids for 24 hours. Approximately 500 cells per condition were counted. Data 
from a single experiment is presented. 
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Figure 5-9 Binuclear cell count of HeLa cells expressing GFP-FIP3-S348A and GFP-FIP3-
S348D plasmids for 72 hours. Approximately 500 cells per condition were counted. Data 
from a single experiment is presented. 
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Figure 5-10 Binuclear cell count of HeLa cells expressing GFP-FIP3-S451A and GFP-FIP3-
S451D plasmids for 24 hours. Approximately 500 cells per condition were counted. Data 
from a single experiment is presented. Louise L. Collins, 2010    Chapter 5, 178 
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Figure 5-11 Immunofluorescence analysis of HeLa cells in interphase expressing GFP-FIP3-
S102A/D and GFP-FIP3-S281A/D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in interphase expressing GFP-FIP3-S102A/D and GFP-FIP3-S281A/D plasmids for 48 
hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 184 
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Figure 5-12 Immunofluorescence analysis of HeLa cells in interphase expressing GFP-FIP3-
S348A/D and GFP-FIP3-S451A/D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in interphase expressing GFP-FIP3-S348A/D and GFP-FIP3-S451A/D plasmids for 48 
hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 185 
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Figure 5-13 Immunofluorescence analysis of HeLa cells in interphase expressing wild-type 
GFP-FIP3 and GFP-FIP3-I737E plasmids, in addition to Lipofectamine 2000 only and 
untransfected controls, for 48 hours.  
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in interphase expressing wild-type GFP-FIP3 and GFP-FIP3-I737E plasmids, in addition 
to control transfections, for 48 hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 186 
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Figure 5-14 Immunofluorescence analysis of HeLa cells in metaphase expressing GFP-FIP3-
S102A/D and GFP-FIP3-S281A/D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in metaphase expressing GFP-FIP3-S102A/D and GFP-FIP3-S281A/D plasmids for 48 
hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 187 
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Figure 5-15 Immunofluorescence analysis of HeLa cells in metaphase expressing GFP-FIP3-
S348A/D and GFP-FIP3-S451D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in metaphase expressing GFP-FIP3-S348A/D and GFP-FIP3-S451D plasmids for 48 
hours. These images represent the majority of cells viewed. 
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Figure 5-16 Immunofluorescence analysis of HeLa cells in metaphase expressing wild-type 
GFP-FIP3 and GFP-FIP3-I737E plasmids, in addition to Lipofectamine 2000 only and 
untransfected controls, for 48 hours.  
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in metaphase expressing wild-type GFP-FIP3 and GFP-FIP3-I737E plasmids, in addition 
to control transfections, for 48 hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 189 
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Figure 5-17 Immunofluorescence analysis of HeLa cells in anaphase expressing GFP-FIP3-
S102A/D and GFP-FIP3-S281A/D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in anaphase expressing GFP-FIP3-S102A/D and GFP-FIP3-S281A/D plasmids for 48 
hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 190 
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Figure 5-18 Immunofluorescence analysis of HeLa cells in anaphase expressing GFP-FIP3-
S348A/D and GFP-FIP3-S451D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in anaphase expressing GFP-FIP3-S348A/D and GFP-FIP3-S451D plasmids for 48 
hours. These images represent the majority of cells viewed. 
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Figure 5-19 Immunofluorescence analysis of HeLa cells in anaphase expressing wild-type 
GFP-FIP3 and GFP-FIP3-I737E plasmids, in addition to Lipofectamine 2000 only and 
untransfected controls, for 48 hours.  
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in anaphase expressing wild-type GFP-FIP3 and GFP-FIP3-I737E plasmids, in addition 
to control transfections, for 48 hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 192 
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Figure 5-20 Immunofluorescence analysis of HeLa cells in early telophase expressing GFP-
FIP3-S102A/D and GFP-FIP3-S281A/D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in early telophase expressing GFP-FIP3-S102A/D and GFP-FIP3-S281A/D plasmids for 
48 hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 193 
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Figure 5-21 Immunofluorescence analysis of HeLa cells in early telophase expressing GFP-
FIP3-S348A/D and GFP-FIP3-S451D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in early telophase expressing GFP-FIP3-S348A/D and GFP-FIP3-S451D plasmids for 48 
hours. These images represent the majority of cells viewed. 
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Figure 5-22 Immunofluorescence analysis of HeLa cells in early telophase expressing wild-
type GFP-FIP3 and GFP-FIP3-I737E plasmids, in addition to Lipofectamine 2000 only and 
untransfected controls, for 48 hours.  
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in early telophase expressing wild-type GFP-FIP3 and GFP-FIP3-I737E plasmids, in 
addition to control transfections, for 48 hours. These images represent the majority of cells 
viewed. Louise L. Collins, 2010    Chapter 5, 195 
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Figure 5-23 Immunofluorescence analysis of HeLa cells in late telophase expressing GFP-
FIP3-S102A/D and GFP-FIP3-S281A/D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in late telophase expressing GFP-FIP3-S102A/D and GFP-FIP3-S281A/D plasmids for 48 
hours. These images represent the majority of cells viewed. Louise L. Collins, 2010    Chapter 5, 196 
 
  GFP  α-tubulin  Merge 
G
F
P
-
F
I
P
3
-
S
3
4
8
A
 
 
 
 
 
 
 
G
F
P
-
F
I
P
3
-
S
3
4
8
D
 
 
 
 
 
 
 
G
F
P
-
F
I
P
3
-
S
4
5
1
D
 
 
 
 
 
 
 
Figure 5-24 Immunofluorescence analysis of HeLa cells in late telophase expressing GFP-
FIP3-S348A/D and GFP-FIP3-S451D plasmids for 48 hours. 
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in late telophase expressing GFP-FIP3-S348A/D and GFP-FIP3-S451D plasmids for 48 
hours. These images represent the majority of cells viewed. 
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Figure 5-25 Immunofluorescence analysis of HeLa cells in late telophase expressing wild-
type GFP-FIP3 and GFP-FIP3-I737E plasmids, in addition to Lipofectamine 2000 only and 
untransfected controls, for 48 hours.  
HeLa cells were transfected with plasmid DNA or the relevant controls (section 2.4.6). Cells 
were fixed with 4% (w/v) ρ-formaldehdye and processed for immunofluorescence 48 hours 
after transfection (section 2.5). Cells were stained for microtubules using a rat monoclonal 
antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). This figure details HeLa 
cells in late telophase expressing wild-type GFP-FIP3 and GFP-FIP3-I737E plasmids, in 
addition to control transfections, for 48 hours. These images represent the majority of cells 
viewed. Louise L. Collins, 2010    Chapter 5, 198 
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Figure 5-26 Immunofluorescence analysis of HeLa cells expressing GFP-FIP3-S451A/D plasmids for 48 hours. Cells were stained for microtubules using a 
rat monoclonal antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). These images represent an average field of view. Louise L. Collins, 2010    Chapter 5, 199 
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Figure 5-27 Immunofluorescence analysis of HeLa cells expressing wild-type GFP-FIP3 and GFP-FIP3-I737E plasmids for 48 hours. Cells were stained for 
microtubules using a rat monoclonal antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). These images represent an average field of view. Louise L. Collins, 2010    Chapter 5, 200 
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Figure 5-28 Immunofluorescence analysis HeLa cells treated with control transfections for 48 hours. Cells were stained for microtubules using a rat 
monoclonal antibody to α-Tubulin, followed by Alexa Fluor® 568 (red channel). These images represent an average field of view. Louise L. Collins, 2010      Chapter 6, 201 
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7  Appendix 
7.1 Rab11-FIP3 Proteomic Data 
7.1.1 Rab11-FIP3 solution analysed via nLC-ESI-MS/MS by Sir 
Henry Wellcome Functional Genomics Facility (SHWFGF), 
University of Glasgow 
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Accession 
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Table 7.1 Protein identification of recombinant FIP3 solution by nLC-ESI-MS/MS, searching 
the Mammalia database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 49 indicate 
homology or extensive identity (p<0.05). Protein hits of interest are marked with a star. 
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Table 7.2 Protein identification of recombinant FIP3 solution by nLC-ESI-MS/MS, searching 
the Drosophila database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 39 indicate 
homology or extensive identity (p<0.05). Protein hits of interest are marked with a star. 
 
7.1.2 Rab11-FIP3 gel slices analysed via nLC-ESI-MS/MS by Sir 
Henry Wellcome Functional Genomics Facility (SHWFGF), 
University of Glasgow 
Protein   Score  Database 
Accession 
Number 
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Table 7.3 Protein identification of recombinant FIP3 gel slice 1 by nLC-ESI-MS/MS searching 
the Mammalia database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 48 indicate 
homology or extensive identity (p<0.05). 
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Protein   Score  Database 
Accession 
Number 
                               
                                
                             
                         
                             
                             
                                              
                              
                                      
                                        
                                      
                              
                                                    
                                        
                                                          
                                            
                                                   
                                                  
                                  
                            
                          
                                 
                                    
                          
                                        
                           
                           
Table 7.4 Protein identification of recombinant FIP3 gel slice 1 by nLC-ESI-MS/MS searching 
the Drosophila database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 38 indicate 
homology or extensive identity (p<0.05). 
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Protein   Score  Database 
Accession 
Number 
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Table 7.5 Protein identification of recombinant FIP3 gel slice 2 by nLC-ESI-MS/MS searching 
the Mammalia database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 49 indicate 
homology or extensive identity (p<0.05). Protein hits of interest are marked with a star. 
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Number 
                               
                                
                             
                             
                             
                                
                              
                                     
                                      
                                  
                                         
                                  
                               
                                        
                              
                            
                                 
                                                      
                                                     
Table 7.6 Protein identification of recombinant FIP3 gel slice 2 by nLC-ESI-MS/MS searching 
the Drosophila database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 38 indicate 
homology or extensive identity (p<0.05). 
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Table 7.7 Protein identification of recombinant FIP3 gel slice 3 by nLC-ESI-MS/MS searching 
the Mammalia database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 48 indicate 
homology or extensive identity (p<0.05). Protein hits of interest are marked with a star. 
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Table 7.8 Protein identification of recombinant FIP3 gel slice 3 by nLC-ESI-MS/MS searching 
the Drosophila database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 38 indicate 
homology or extensive identity (p<0.05). Protein hits of interest are marked with a star. 
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Protein   Score  Database 
Accession 
Number 
                                                  
                         
                                  
                                                     
                                      
                            
                          
                           
                             
                           
                             
                           
                    
                                          
                                    
                                                
                                              
                                               
                 
                                        
                                            
                                    
                                                                  
                                              
                                                            
                                                
                                           
Table 7.9 Protein identification of recombinant FIP3 gel slice 4 by nLC-ESI-MS/MS searching 
the Mammalia database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 49 indicate 
homology or extensive identity (p<0.05) 
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Protein   Score  Database 
Accession 
Number 
                                        
                                         
                                      
                                                 
                                        
                               
Table 7.10 Protein identification of recombinant FIP3 gel slice 4 by nLC-ESI-MS/MS 
searching the Drosophila database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 38 indicate 
homology or extensive identity (p<0.05). 
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Table 7.11 Protein identification of recombinant FIP3 gel slice 5 by nLC-ESI-MS/MS 
searching the Mammalia database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 49 indicate 
homology or extensive identity (p<0.05). 
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Table 7.12 Protein identification of recombinant FIP3 gel slice 5 by nLC-ESI-MS/MS 
searching the Drosophila database, performed by SHWFGF, University of Glasgow. 
Individual ion scores greater than the probability based MASCOT cut off score of 39 indicate 
homology or extensive identity (p<0.05). 
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7.1.3 Rab11-FIP3 gel slices analysed via LC-MS/MS by Aberdeen 
Proteomics, University of Aberdeen 
Sample 
Details 
Summary of Sample Results 
from Human database 
Summary of Sample Results from 
Spodoptera Frugiperda database 
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Table 7.13 Protein identification of recombinant FIP3 gel slices by LC-MS/MS searching 
Human and Spodoptera Frugiperda databases, performed by Aberdeen Proteomics at the 
University of Aberdeen. The major FIP3 band is found in gel slice 4. 221 
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